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INTRODUCTION 


This  is  a  study  of  the  reactions  of  free  radicals  formed  when  ammonium  dinitramide 
(ADN)  is  incubated  with  human  liver  slices.  ADN  is  a  high  energy  oxidizer  and  if  used  in  solid 
fuel  mixtures  of  projectiles  could  have  propellant  properties  of  importance  to  the  Armed  Forces. 
ADN  is  a  candidate  replacement  compound  for  ammonium  perchlorate  (AP)  in  solid  rocket  fuel 
(Borman  1994).  Solid  rocket  fuel  is  used  to  launch  the  Space  Shuttle,  the  Delta  n,  Titan  34D, 
and  Titan  IV  space  vehicles.  For  the  last  thirty  years  AP  has  been  an  essential  ingredient  in  the 
manufacture  of  this  fuel.  AP  contains  chlorine  and  forms  radicals  on  decomposition  (Hyde  et  al. 
1961).  It  is  therefore  a  potential  environmental  contaminant.  ADN  is  being  studied  by  the  USAF 
as  a  replacement  for  AP,  because  ADN  is  less  of  an  environmental  hazard  (Borman  1994). 

The  use  of  ADN  as  a  propellant  would  involve  exposure  of  humans,  as  well  as  the 
environment,  to  this  chemical.  Therefore,  it  is  important  to  determine  the  effects  of  this  exposure. 
In  1990  the  Armstrong  Laboratory  was  tasked  by  the  United  States  Air  Force  to  ascertain  the 
toxic  effects  of  ADN  for  occupational  and  environmental  risk  assessment.  As  a  consequence,  the 
following  data  has  been  gathered:  ADN  has  an  ECsofor  proliferation  of  hepatocytes  of  2.9  mM 
(Dean  &  Channel  1994),  it  is  genotoxic  as  indicated  by  in  vitro  enzyme  linked  immunosorbant 
assay  (ELISA)  techniques  (Dean  &  Channel  1994),  and  in  vivo  mouse  micronuclei  assays  (Dodd 
1994);  ADN  has  no  adverse  effect  on  rabbit  skin  (Kinkead  et  al  1994a);  ADN  administered  to  rats 
by  gavage  has  a  calculated  LD50  of  823  mg/kg  (Kinkead  et  al  1994a)  and  ADN  is  a  rat 
reproductive  toxicant  (Kinkead  et  al  1994b). 
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Chemical  studies  showed  ADN  decomposes  to  form  free  radicals  (Steel-Goodwin  et  al 
1994).  One  of  the  decomposition  products  of  ADN  is  nitrogen  dioxide  (Pace  1994)  and  ADN  on 
hydrolysis  forms  free  radicals  (Armengol  1994,  Berty  1994,  Young  1994). 

The  link  between  the  free  radical  chemistry  and  the  biological  effects  of  ADN  has  been 
scarcely  explored.  Preliminary  studies  using  WB344  rat  liver  cells  showed  ADN:  decreased 
growth  factor  receptors  (Armengol  1994,  Young  1994);  increased  enzyme  leakage  (Berty  1994), 
reduced  cell  adhesion  and  induced  cell  death  (Steel-Goodwin  and  Dean  1995). 

A  free  radical  is  an  atom,  molecule  or  compound  with  one  or  more  unpaired  electrons 
(Rice-Evans  et  al  1991).  Unpaired  electrons  occur  in  paramagnetic  materials,  the  most  important 
being  organic  free  radicals,  complex  molecules  containing  transition  metals  such  as  iron  and 

manganese  and  radiation  damaged  substances. 

These  chemical  species  are  highly  electrophilic  and  therefore  can  attack  sites  of  increased 
electron  density  such  as  nitrogen  atoms  in  DNA,  RNA  and  proteins,  carbon-carbon  double  bonds 
in  unsaturated  fatty  acids  and  phospholipids  (Rice-Evans  et  al  1991).  Free  radicals  can  be  directly 
detected  by  the  technique  of  electron  paramagnetic  resonance  spectroscopy,  EPR  (Mason  1984; 
Rice-Evans  1991;  Knecht  &  Mason  1993). 

Qualitative  EPR  studies  are  of  interest  to  the  military:  carbon  tetrachloride  (Mason  1984), 
10B(a,  ri)  7Li  reactions  (Carmichael  et  al  1988),  tributyltin  (Rivera  et  al  1992),  nitric  oxide  (Steel- 
Goodwin  et  al.  1992),  phosgene  (Arroyo  et  al  1993),  y-radiation  and  non 
adenergjc/noncholinergic  nerve  agents  (Steel-Goodwin  and  Carmichael  1 994),  sulfur  mustard 
(Arroyo  et  al  1995).  However,  toxicology  studies,  which  will  be  used  to  develop  a  risk 


assessment  model,  require  a  quantitative  method  rather  than  a  qualitative  method  to  determine 
free  radical  effects. 

This  investigation  used  precision  cut  tissue  slices  from  donated  human  liver.  In  recent 
years,  precision  cut  liver  slices  has  emerged  as  a  valuable  system  for  understanding  the  toxic 
effects  of  xenobiotics  (Fisher  et  al  1995).  This  study  was  designed  to  determine  the  effect  of  time 
and  exposure  of  ADN  on  the  number  of  radicals  detected. 


METHODS  AND  MATERIALS 


Chemicals 

N-Tert-butyl-a  phenyl  nitrone  (PBN)  and  2,2,5, 5,-tetramethyl-l-pyrolindinyl  oxy-3- 
carboxamide  (3-CAR)  were  purchased  from  Sigma  and  Aldrich  respectively.  All  other  chemicals 
were  reagent  grade  (Steel-Goodwin  et  al  1994). 

Collecting  samples  and  Trapping  Radicals 

ADN  can  generate  radicals  by  chemical  reactions  in  water  or  when  liver  mitochondrial 
enzymes  metabolize  this  chemical.  Human  donor  liver  slices  were  prepared  as  described 
previously  (Pravecek  et  al  1994).  The  slices  were  incubated  at  37  °C  in  Waymouth’s  media 
supplemented  with  10%  fetal  bovine  serum  and  10  mM  PBN  ±  lOmM  ammonium  dinitramide 
(ADN).  PBN  was  used  in  this  study  as  it  is  the  least  toxic  of  all  the  traps  as  established  by  liver 
viability  assessment  measurements  (Steel-Goodwin  et  al.  1994).  The  concentration  of  ADN  used 
was  chosen  because  it  induced  cell  death  in  WB344  cells  determined  by  ELISA  assays  (Steel- 
Goodwin  and  Dean  1995).  After  5  min  and  60  min  exposure  the  liver  slices  were  homogenized. 

A  20  ul  sample  was  immediately  analyzed  for  radicals  and  the  rest  was  frozen  in  liquid  nitrogen 
and  lyophilized  for  18  h.  Lyophilized  samples  were  stored  in  a  dessicator  at  ambient  temperature 
protected  from  light  until  analyzed.  It  was  very  important  to  keep  the  samples  dry  because 
moisture  increases  molecular  mobility  in  the  samples  and  decreases  spin  adduct  lifetime  and  EPR 
signal  intensity,  therefore,  interfering  with  the  analysis. 

Apparatus 

The  EMS  104  EPR  Analyzer  (Bruker  Instruments  INC.,  Billerica,  MS)  was  purchased  as 
a  routine  analysis  tool  for  samples  from  tissues  exposed  to  chemicals  believed  to  generate  free 


radicals  in  biological  tissue.  The  spectrometer  consists  of  a  microwave  bridge,  a  permanent 
magnet  and  a  detector.  It  is  linked  to  a  microprocessor  (XPS  P90Dell)  via  a  RS232  interface 
which  can  be  used  to  start  remote  acquisition  and  data  collection  for  post  processing  using  the 
WIN-EPR  Windows  3.0  program  (Bruker  Instruments,  INC.).  This  analyzer  can  detect  at  least 
2  x  1010  spins/10*4  T.  The  magnetic  field  of  the  analyzer  is  applied  to  the  sample  while  it  is 
simultaneously  being  irradiated  with  microwaves.  The  magnetic  field  has  the  effect  of  aligning  the 
magnetic  moments  of  the  electrons  within  the  sample  along  two  directions  each  having  a  slightly 
different  energy.  Transitions  between  these  two  energies  give  rise  to  spectroscopic  interactions. 
An  EPR  spectrum  is  the  first  derivative  of  the  electron  paramagnetic  absorption  spectrum 
measured  as  a  function  of  the  magnetic  field  (Rice-Evans  et  al  1991). 

Free  Radical  Analysis 

The  calibration  procedures  for  the  analysis  were  a  four  step  process  consisting  of  the 
following: 

(1)  Reference  material 

(2)  Instrument  set-up 

(3)  Routine  spectrometer  performance  checks 

(4)  Establishment  of  a  calibration  curve 

The  reference  material  was  made  of  known  amounts  of  3-CAR  in  distilled  water  or  3-CAR 
lyophilized  with  homogenized  human  liver  not  exposed  to  chemicals  or  trap.  All  data  was 
standardized  with  3-CAR  in  bicarbonate  analyzed  using  a  Bruker  EMS300E  spectrometer  (Steel- 


Goodwin  et  al.  1994) 


The  manufacturer’s  procedures  for  the  set  up  and  instrument  calibration  were  followed  (Bruker, 
Inc.  1992)  with  appropriate  electromechanical  adjustments.  The  parameters  for  the  spectrometer 
used  to  measure  the  liquid  and  solid  samples  are  given  in  Table  I. 


Parameters 

Liquid  Samples 

Solid  Samples 

Power  (mW) 

25.06 

25.06 

Sweep  Width  (G) 

60 

100 

Modulation  (G) 

1.6 

4.02 

Sweep  Time  (s) 

167.77 

10.49 

Filter  Time  Constant  (ms) 

1310.72 

20.48 

Receiver  Gain  (dB) 

55 

55 

Field  Offset  (G) 

5 

0 

Number  of  Sweeps 

1 

20 

Sample  Height  (mm) 

0 

15 

Table  I  Instrumental  parameters  used  for  analysis  of  liquid  and  solid  samples. 


The  mean  peak-peak  EPR  signal  and  standard  deviation  for  each  set  of  standards  were 
measured.  The  best  fit  analytical  form  (linear,  polynomial  and  exponential)  was  used  to  determine 
the  goodness  of  fit  of  the  calibration  curves,  (Sigma  Plot,  Jandel  Scientific). 

Liver  slices  exposed  to  chemicals  or  control  media,  were  measured  using  the  same 
parameters  used  to  establish  the  standard  curve.  Each  analysis  was  performed  four  times  and 
each  sample  was  measured  twice.  All  data  was  normalized  for  sample  weight.  To  determine  that 
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the  area  of  the  spectra  changed  proportionally  to  the  peak-peak  analysis,  liquid  and  solid  samples 
were  analyzed  by  both  methods  and  the  results  compared  by  regression  analysis  (Sigma  Plot, 
Jandel  Scientific). 

Experimental  Design  Analysis 

Analysis  of  Variance  was  performed  using  the  Design  Ease  ®  Experimental  Design 
program  (Stat-Ease  Inc.,  Minneapolis,  MN).  A  two  factorial  analysis  was  performed  to  make  the 
best  use  of  the  small  number  of  slices  available  (n=16).  We  studied  the  effects  two  experimental 
parameters:  time  and  ADN  concentration,  had  on  radicals  detected  in  human  liver. 


RESULTS 


ADN  decomposes  in  water  yielding  free  radicals  in  the  presence  of  the  spin  trap  PBN. 

The  spectrum.  Figure  1A,  is  the  experimental  result  after  5  min.  The  free  radical  EPR  spectrum  is 
initially  a  1 :2:2: 1  quartet  with  hyperfine  coupling  constants  of  aN  =  1 .42  mT  and  apH  =  1-42  mT 
(Figure  IB).  The  1:2:2: 1  quartet  corresponds  to  the  reduction  product  of  the  spin  trap  2-methyl- 
2-nitrosopropane  (MNP).  Therefore,  the  reaction  of  ADN  with  PBN  indicates  that  the  tert-butyl 
portion  of  the  PBN  including  the  nitrone  group  has  been  split  from  the  PBN  molecule.  This 
decomposition  of  PBN  could  originate  from  the  direct  strongly  oxidizing  properties  of  ADN  or 
from  a  strongly  oxidizing  radical  product  of  ADN  reacting  with  PBN. 


Figure  1  EPR  spectrum  5  min.  after  hydrolysis  of  10  mM  ADN  in  10  mM  PBN. 
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After  60  min.  the  spectrum,  Figure  2A,  contains  two  radical  species:  a  triplet  of  doublets 
with  aN  =  1.65  mT  and  apH  =  0.4  mT  (Figure  2B)  and  the  initial  1:2:2: 1  quartet.  Figure  2C  which 
combined  gives  spectrum.  Figure  2D.  It  is  possible  that  the  triplet  of  doublets  originates  from  the 
trapping  of  the  aromatic  portion  of  PBN  by  the  tert-butyl-nitroso  group  after  the  decompostion  of 
PBN.  The  longer  time  required  to  observe  this  adduct  may  be  due  to  a  low  trapping  efficiency 
which  would  require  adduct  build-up  in  order  to  be  observed. 


Figure  2  Spectrum  lhour  after  10  mM  ADN  was  hydrolyzed  in  10  mM  PBN. 
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To  determine  if  time  is  a  factor  which  will  alter  response  of  human  liver  to  ADN  exposure, 
we  had  to  develop  a  method  to  quantitate  radicals  using  the  EPR  analyzer.  The  stable  radical  3- 
CAR  was  used  to  produce  the  calibration  curve.  The  first  derivative  spectrum  of  3-CAR 
dissolved  in  water  is  shown.  Figure  3  A.  Peak-peak  height  was  used  to  generate  a  calibration 
curve  which  was  linear  (y  =  1.0106x  +  68.8221  r2  =  0.99),  Figure  3B. 

A  B 


H - 1 - 1  I  I 

-10  12  3 

Radicals  X101* 


Figure  3  (A).  Spectrum  of  3-CAR-  (B).  Standard  curve  of  peak  height  of  3-CAR. 

When  this  experiment  was  repeated  with  human  liver  slices  (20ul)  there  was  no  detectable 
signal  in  the  liquid  phase.  Because  we  already  saw  a  signal  with  ADN  in  water,  we  assumed 
antioxidants  in  the  incubation  media  competed  with  the  spin  trap  (lOmM)  for  radicals.  To 
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overcome  this,  we  lyophilized  the  samples.  Lyophilization  still  permits  the  trapped  radicals  to  be 
detected  by  EPR  without  antioxidant  interference. 


The  first  derivative  spectra  of  lyophilized  human  liver  ±10  mM  ADN  after  lh  exposure 
is  shown  in  Figure  4A  &  4B  respectively.  There  were  radicals  detected  in  the  slices  at  both  5  and 
60  min  time  points.  However  at  5  min.  there  was  no  difference  in  the  radicals  detected  ±  10  mM 
ADN. 

A 


Figure  4  Spectrum  of  lyophilized  human  liver  after  one  hour  incubation:  (A)  Human  liver 
exposed  to  10  mM  ADN.(B)  Control  liver  incubated  in  10  mM  PBN.  (C)  Computer 
subtraction  of  A  &  B. 
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Radicals  X  1017 


5  min 

60  min 

Control 

93  ±6 

333  ±109 

10  mM  ADN 

147  ±183 

37  ±13 

Table  n.  Mean  ±  SD  (n  =  4)  of  radicals  measured  in  human  liver  slices  exposed  for  5  and 
60  min  to  0  or  10  mM  ADN. 


The  statistical  diagnosis  and  interpretation  of  the  data  in  Table  II  is  shown  pictorially  below, 


Figure  6. 


A 


DESIGN-EASE  Analysis 
Rad  Tot 


B 


DESIGN-EASE  Analysis 
Rad  Tot 


Interaction  of  A:conc  and  B:Time 


Interaction  of  B:Time  and  A:conc 


Figure  6  (A).  Interaction  of  ADN  of  A:  Concentration  and  B:  Time  with  radicals.  (B) 
Interaction  of  B:  Time  and  A:  Cone  with  radicals. 


There  was  a  difference  in  the  radicals  detected  at  the  60  min.  time  point  ±10  mM  ADN. 
The  computer  subtraction  of  the  radicals  is  shown  in  Figure  4C.  As  these  liver  samples  were 
lyophilized,  we  prepared  a  standard  curve  of  human  liver  lyophilized  with  increasing 
concentrations  of  3-CAR.  The  first  derivative  spectrum  of  lyophilized  3-CAR  in  homogenized 
human  liver  is  shown  in  Figure  5  A.  As  the  concentration  of  the  3 -CAR  decreases,  there  is  a 
decrease  in  the  peak  heights. 

A  b 


Radical*  X 10* 


Figure  5  (A)  Spectrum  of  lyophilized  human  liver  incubated  with  3-CAR.  (B)  Curve  of 
peak  height  data  of  3-CAR  samples. 


The  peak-peak  analysis  curve  was  plotted  (Figure  5B).  This  curve  is  linear  from  0. 1  to  4 
X  1017  radicals  (y  =  549.9242x  -  6.1908,  r2  =  0.99).  Using  the  linear  portion  of  the  curve,  the  total 
number  of  radicals  trapped  by  PBN  when  human  liver  is  incubated  at  5  min.  and  60  min.  were 


calculated.  Table  II. 


The  data  had  a  normal  distribution  (results  not  shown).  There  were  more  radicals 
detected  in  the  control  liver  in  the  first  5  min.  than  after  60  min.  (P<  0.05),  but  there  was  no 
difference  in  the  radicals  measured  in  the  ADN  treated  liver  slices  at  either  time  point.  The 
radicals  generated  by  ADN  in  water  were  also  quantitated  over  5  min.  and  60  min.  There  was  ten 
times  more  radicals  detected  in  the  lyophilized  tissue  of  human  liver  compared  to  the  radicals 
detected  in  water  alone.  Liver  contains  paramagnetic  material  which  could  account  for  the 
difference. 

All  results  reported  were  analyzed  by  peak-peak  measurements.  To  show  that  the  peak- 
peak  measurements  are  proportional  to  the  area  under  the  spectrum,  double  integration  of  the 
data  was  performed  on  both  liquid  and  solid  samples.  The  equation  of  the  plot  of  the  liquid 
samples  was  y  =  1.5032  x  +  0.7653,  r2  =  0.99  (P<  0.001).  Figure  7  shows  the  data  for  solid 
samples  and  standards.  The  equation  for  this  plot  is  y=  1.0038  x  +  79.6401  1 0.97,  (P<0.05). 
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EPR  Peak-Peak  Reading 


Figure  7  Comparison  of  peak-peak  intensity  and  double  integration  of  EPR  signals  of 
lyophilized  liver  samples. 


15 


DISCUSSION 


This  investigation  used  precision  cut  tissue  slices  from  donated  human  liver,  to  determine 
the  radical  effects  of  ADN.  Human  liver  slices  are  a  useful  in  vitro  system,  to  investigate  free 
radical  effects  of  potential  occupational  and  environmental  chemicals. 

EPR/spin  trapping  was  used  to  detect  radicals  generated  by  10  mM  ADN  in  water  and 
human  liver  samples.  The  radicals  were  quantitated  with  the  3-CAR  as  a  standard.  The  spin 
trap  PBN  reacted  with  the  radicals  in  the  sample  to  form  a  more  stable  radical  adduct  which  can 
be  detected  by  EPR.  Chemical  radical  reactions  are  very  rapid.  Radical  identification  by  spin  trap 
requires  sufficient  trap  to  be  present,  to  compete  with  cellular  components  for  the  radicals  (Steel- 
Goodwin  and  Carmichael  1995,  Steel-Goodwin  and  Hutchens  1995).  We  were  able  to  detect 
radicals  generated  by  ADN  and  quantitate  the  number  of  radicals  to  which  the  human  liver  was 
exposed. 

To  quantitate  radicals  in  this  investigation,  we  calibrated  the  instrument  using  a  pitch 
standard  and  used  this  to  ensure  the  analyzer  was  providing  a  reading  within  statistical  control, 
Figure  8.  The  concentration  of  radicals  generated  by  10  mM  ADN  was  established  using  liquid 
and  solid  samples  of  the  spin  label  3-CAR,  Figures  3  and  5  respectively.  We  found  a  linear 
correlation  with  concentration  for  the  liquid  and  solid  standards  over  the  concentrations  used  for 
the  standard  curves.  The  homogenized  liver  media  did  not  provide  a  detectable  EPR  signal  in  the 
liquid  phase,  but  a  signal  was  detected  in  the  solid.  The  liver  was  exposed  to  10  mM  ADN  for  5 
or  60  min.  The  control  liver  sample  at  both  time  points  was  incubated  only  with  trap. 

Comparison  of  the  spectra  shows  that  there  were  differences  in  the  radical  species 
detected  with  time  in  the  control  species.  These  differences  did  not  alter  the  quantitative  data. 
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because  the  peak-peak  and  double  integration  of  the  data  was  proportional,  Figure  7.  Differences 
in  radicals  between  controls  and  treated  samples  have  been  reviewed  for  carbon  tetrachloride, 
(Mason  1984).  Mason’s  review  suggests  that  all  EPR  data  should  be  assessed  qualitatively  as 
well  as  quantitatively. 

The  trapping  efficiency  of  PBN  for  ADN  is  not  known  at  this  time,  although  the  efficiency 
of  PBN  for  the  TCE  radical  and  the  spin  label  3-CAR  has  been  determined  to  be  20.6%  and  3 1  % 
respectively  (Steel-Goodwin  and  Carmichael  1995,  Steel-Goodwin  and  Hutchens  1995). 

Therefore  this  data  compares  only  the  radicals  trapped  by  the  PBN. 

Radicals  are  generated  by  ADN  in  water  without  liver.  This  suggests  that  ADN  radical 
production  does  not  require  enzyme  metabolism.  EPR/spin  trapping  studies  with  the  spin  trap  N- 
tert-butyl-a-phenyl  nitrone  (PBN  lOmM)  for  5  min  in  the  presence  of  ADN  yielded  an  over 
lapping  spin  adduct  EPR  spectra.  It  consisted  of  a  1 :2:2: 1  quartet  initially  which  was  computer 
simulated  using  hyperfine  coupling  constants,  aN  =  aH  =  1 .42  mT.  After  60  min  another  spectra 
was  also  formed  consisting  of  a  triplet  of  doublets  with  hyperfine  coupling  constants  aw  =  1-65  mT 
and  aH  =  0.4  mT.  These  radicals  are  similar  to  the  effects  of  phosgene  on  PBN  (Arroyo  et  al 

1993) .  In  these  experiments  the  liver  samples  exposed  to  ADN  were  digested  into  a  yellow 
liquid.  This  compound  was  very  hydroscopic  and  the  PBN-ADN  reaction  was  no  longer 
paramagnetic.  It  is  predicted  that  a  smaller  concnetrations  of  ADN  (<10mM)  radicals  generated 
by  ADN  will  be  sufficient  to  cause  lipid  peroxidation  of  the  liver  slices  (Steel-Goodwin  et  al 

1994) .  Lipid  peroxidation  is  a  chain  reaction  initiated  when  just  a  single  radical  removes  an 
allylic  hydrogen  of  a  membrane  polyunsaturated  fatty  acid,  PUFA  (Rice-Evans  et  al  1991). 
Reaction  of  this  PUFA  with  oxygen  forms  a  lipid  hydroperoxyl  radical,  which  can  abstract  an 
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studies  (Steel-Goodwin  et  al  1994  and  Pace  1994)  and  the  radicals  we  detected  with  PBN,  the 
following  equations  are  proposed  reactions  which  can  occur  on  drinking  ADN-H2O: 


1. 

2NH4+N(N02)2 

2NBb«  +  4N02«  +  2BT  +  N2 

2. 

NHs«  +  ff 

-> 

Ntt,+ 

3. 

H2O2  +  SCN-  +  if 

-> 

HOSCN  +  H20 

4. 

RSH  +  OSCN" 

RSOH  +  SCN-  +  H* 

5. 

2BT  +  02  *+  02  * 

H2O2  +  O2 

6. 

2NO*  +  O2 

-> 

2N02* 

7. 

H2O2  +  N02'  +  BT 

ONOOH  +  H20 

8. 

Oj*  +  NO*  +  Ef 

ONOOH 

9. 

ONOOH 

*OH  +  N02* 

10. 

*OH  +  N02* 

N03  +  H* 

11. 

O2  *  +  Fe3* 

02  +  Fe2+ 

12. 

Fe2+  +  H2O2 

-> 

Fe3*  +  *OH  +  Off 

13. 

NO3'  +  3Fe2+  +  4ff 

NO*  +  SFe3*  +  2H20 

14. 

H202  +02'* 

02  +  Off  +  *OH 

ADN  is  very  soluble  in  water  (500g/L).  ADN  decomposes  to  form  nitrogen  dioxide 
(NO2*)  radicals  in  water  and  ammonium  ions  (Steel-Goodwin  et  al  1994,  Pace  1994).  If  ADN- 
contaminated  water  is  consumed,  it  will  be  swallowed  with  saliva.  Human  saliva  has  relatively 
high  concentrations  of  peroxidase  (H2O2)  and  thiocyanate  (SCN  ),  Gnsham  1992.  For  example, 
levels  of  human  saliva  of  non-smokers  contains  0. 1-0.3  mM  SCN  and  5  mM  for  smokers 
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allylic  hydrogen  from  a  neighbouring  PUFA.  This  has  the  potential  to  begin  a  chain  reaction  to 
membrane  destruction.  The  cell  membrane  contains  many  protein  receptors  which  are  involved  in 
the  regulation  of  cellular  biochemistry.  Hydroxyl  radical-induced  peroxyl  radical  formation  by 
proteins  causes  peptide  chain  rupture  which  can  ultimately  lead  to  cell  destruction. 

Viable  tissue  produces  a  constant  flux  of  free  radicals  such  as  superoxide,  (O2*').  The  control 
samples  were  viable  for  the  period  of  the  study  but  the  ADN  treated  samples  were  oxidized  by  the 
ADN  within  the  first  5  min.  of  exposure. 

Concurrent  with  this  study,  the  technique  has  also  been  used  to  measure  radicals  in  vitro 
in  mouse  liver  slices  exposed  to  cancer  causing  chemicals  (Byczkowski  1994)  and  to  quantitate 
radicals  generated  in  vivo  in  B6C3F1  mice  exposed  to  the  carcinogen,  trichloroethylene  (Channel 
1994).  The  results  of  these  experiments  are  forthcoming.  The  EPR  method  does  not  destroy  the 
sample,  so  it  is  more  advantageous  than  fluorescence  and  other  spectroscopic  methods  to  study 
radicals.  Also,  the  technology  permits  direct  communication  with  other  EPR  spectrometers, 
located  in  other  laboratories  via  computer  link.  This  allows  instantaneous  verification  of  data  by 
electronic  means,  as  required,  or  simulation  of  spectra  by  other  computer  programs  not  available 
locally. 

The  EPR  procedure  used  here  was  designed  to  demonstrate  that  EPR  can  be  used  to 
detect  and  quantitate  radicals  in  liver  samples  exposed  to  chemicals,  in  particular,  the  effects  of 
ADN  exposure  in  human  for  risk  assessment. 

Human  exposure  to  ADN  through  drinking  water  is  currently  highly  remote  but  ADN  is  a 
potential  hazard  as  the  radicals  generated  by  ADN  occur  on  hydrolysis.  Based  on  chemical 
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(Thomas  et  al  1991).  Thus,  ADN-water  can  react  with  SCN~  in  the  gut.  Eosinophils  found  in 
the  lamina  propria  of  the  gut  wall  are  also  sources  of  SCN- .  Exposure  to  ADN  therefore  has 
the  potential  to  cause  injury  to  mammalian  cells  by  reaction  with  thiocyanate  ions  and 
peroxynitrite  ions. 

Our  experiments  have  shown  that  the  radicals  generated  by  ADN  do  change  with  time. 
Overall,  equations  1-14  suggest  that  the  radicals  generated  by  ADN  decomposition  will  result  in 
nitrates  and  nitrites.  Thus,  ADN  dissolved  in  ground  water  may  eventually  become  a  substrate  for 
microrganisms  found  in  soil.  Further  studies  using  techniques  to  measure  thiocynate,  nitrites  and 
nitrates  in  vivo  after  exposure  to  ADN  could  confirm  these  suggestions. 
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